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SUMMARY

Objective: In many clinics, calculation and interpretation of neuropsychological test results, along with reporting, data organization and archiving 
of the data are done manually. In this era where most of the similar processes are automated, manual application may result in excessive time 
consumption, unnecessary use of qualified work-force, and is also open to error. A software that automates these processes for neuropsychological 
tests used for dementia assessment may overcome these issues.

Methods: We aimed to develop a free, open source software not requiring specialized training, which would optimise the calculation, preparation of 
personal reports and archiving processes of neuropsychological tests, hence would easily be incorporated in to the daily work of psychologists. We’ve 
used Python 3.6 as the programming language, and JSON was used as the data interchange format to allow for personal alterations in the content. 
The tests were selected among those which are in common use for neuropsychological evaluation of adults in Turkey, with available norm values. 
(Funding: TUBITAK 214S048). 

Results: PsiNorm was developed, comprising widely used standardized tests for cognitive evaluation of adults in Turkey. The software is lightweight, 
compatible with most common operating systems, and easy-to-use. We’ve shown that Psinorm significantly reduced the time required for calculation 
of percentiles and norms as well as for producing a draft report. The reports are prepared in .txt format and the databases are prepared in MS Excel 
ve CSV formats. PsiNorm is available freely at psinorm.org. 

Conclusion: PsiNorm is a free, open-source software which is available for researchers and clinicians who perform neuropsychological tests. PsiNorm 
provides significant time and labor-force benefits, is easy-to-use and can be customized by the user. 
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INTRODUCTION

The standardization studies of neuropsychological tests 
surged after the 2000’s in Turkey which allowed the more 
frequent daily use of tests with norm values (Karakas et al. 
2004). In order to give these test results a meaning, one 
must find out the norm values of the test, do the necessary 
calculations to adapt the results obtained from the patient to 
these norm values, compare these results with a reference table 
-if applicable- and interpret these results. These steps do not 
require specialized procedures and easy to apply. However, 
even a brief standart battery is generally composed of many 

tests which eventually takes a significant amount of time for 
application of the abovementioned steps. In addition, since 
each test requires seperate calculation, the risk for simple 
errors is increased too. In our opinion, applying these steps 
means unnecessary use of work force of qualified personnel 
in well-educated psychologists. In current standarts where 
computers are essential parts of the clinics, user-friendly apps 
may solve these issues. 

When routinely performed, neuropsychological test results 
in a clinic would eventually accumulate. In a dementia clinic, 
given the 10-12 years of survival for Alzheimer’s Disease, 
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many patients would have repeat evaluations. In a follow-
up patient, norms would differ by age, and even for the 
same person, repeated calculations would be required. In 
addition, the results should be kept, gathered together and 
organized based on the needs. These steps bring additional 
work load and a certain risk of error. Especially when used 
for studies with large sample sizes, proper archiving of 
neuropsychological tests are particularly crucial.Various 
solutions were produced for these needs. A free norm 
calculator was developed for the participating centers of the 
National Alzheimer’s Coordinating Center (ACC) Uniform 
Data Set (Shirk et al. 2011). This calculator is working using 
Ms Excel and calculates the z scores and percentiles. Various 
applications and softwares were developed to be used in 
different communities (Kochan et al. 2014), some forming 
composite scores (Bezdicek et al. 2017), and some comparing 
the individual data to the sample population using different 
statistical parameters (Crawford et al. 2011). Commercial 
software and services are also available (Makkar et al. 2020). 
However normative values are specific to the populations 
of which they are derived (Bauer et al. 2012, Rijnen et al. 
2020), therefore these softwares are not applicable in Turkish 
population.In research settings and in clinics where vast 
numbers of patients are examined, classification and data 
entry of these results and proper archiving in a statistics 
software-friendly format, forms an additional step which 
itself is open to errors. Therefore due to the needs of our 
project entitled ‘Standardization of a widely applicable 
screening test, detection of certain environmental risk factors 
and assessment of biological markers for dementia’ ; we 
aimed to develop a norm, z score and percentile calculator 
which generates drafts for individual reports and forms an 
organized database. We aimed this software to be free, easy-
to-use, lightweight and compatible with commmonly used 
operating sytems. 

METHODS

Programming Language and Operating Systems

Since the software will be utilized in different clinical settings, 
it needs to be compatible with different operating systems. 
Therefore based on its ease of use, compatibility to various 
platforms, continuous updates and wide user support, we’ve 
decided to use Python as our programming language. 

Construction of the Testing System

We’ve decided to use JSON (JavaScript Object Notation) 
as our data interchange format due to its common use and 
lightweight format (Crockford 2006). JSON can be integrated 
within various programming languages. The data within can 
be checked and edited with any text editor. For our software 

to long last, the content, i.e the neuropsychological tests 
covered, should be up to date. Therefore in order to edit and 
add necessary tests to the software we’ve thought that JSON 
would be ideal. 

Processing the Raw Data

To interpret the results of the neuropsychological tests, 
the raw results should be analyzed using norm or cut-off 
values determined for that score. We planned the software 
to determine the z scores and accompanying percentiles if 
norms are available; or to identify the relative place of the 
score based on the threshold value. After the determination of 
corresponding z scores and percentiles, we’ve also decided the 
program to write a short phrase in the draft, on whether the 
end result corresponds to normal, mild/ moderate or severe 
impairment (Gravetter ve Wallnau 2007, Weintraub 2000). 
(Table 1). We’ve decided this draft report to be modular 
and modifiable, hence allowing the neuropsychologist do 
whatever adjustment they need to apply. 

Inclusion of Data Processing to the Software

Comparing the raw results to the cut-off values is relatively 
easy, however determining z scores requires calculation 
using the mean scores and standart deviations based on the 
corresponding demographic group of the subject (Figure 1). 
If norms are available, z scores are obtained by substracting 
the mean from the raw score followed by dividing the SD. 
In the software, Z scores were displayed as two decimals for 

Figure 1. Calculation of z scores

Table 1. PsiNorm automatically writes the phrases in the first column to 
the draft report based on the user preference. The user can choose either z 
score limits      : Z scores. 

Automatic Phrase Default Z 
score limits

Optional Z 
score limits

Mild Impairment ±1≤    <±2 ±1,5≤    <±2

Moderate Impairment ±2≤    <±3 ±2≤    <±3

Severe Impairment ±3≤ ±3≤ 

Z

Z

Z

Z

Z

Z

Z
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simplicity. In some neuropsychological test parameters, SD 
values are reported to be 0 (zero) in the original papers. Since 
dividing by 0 would not give a comprehensible result, the 
calculation was pursued as if this value is “0.00000001”. 
The eventual z scores were used to determine the level of 
impairment mentioned above.Percentile values were also 
calculated with these z scores (Figure 2). Using ‘erf ’ function 
in the ‘math’ library embedded in Python, the area under 
the curve is calculated and corrresponding percentiles are 
determined. Percentile values were also displayed with two 
decimals for simplicity. 

Case Info and Test Selection

We planned our software to be utilized primarily for 
adult neurocognitive disorders. The tests included were 
selected among those dementia assesment tests which had 
standardization studies at Turkey. Tests that were widely used 
in the clinics were included in the software. The appropriate 
references for all tests included were inserted in the draft 
reports. Tests that were not studied in Turkey were excluded. 
All tests were classified under their respective cognitive 
function, each test is classified under one cognitive function 
for clarity and ease of use. Tests included were:

Screening Tests: Modified Mini Mental Test (3MS) (Karadag 
Caman et al. 2019), Montreal Cognitive Assessment (Kaya 
et al. 2014), revised-Mini Mental State Examination 
(Keskinoglu et al. 2009), Mini Mental State Examination 
(Babacan-Yildiz et al. 2016, Gungen et al. 2002)

Attention: Visual Aural Digit Span-B (Karakaş et al. 2013)
(Karakaş et al 2013), Digit Span (WAIS)Memory: Öktem 
Auditory Verbal Learning Test (Tanor 2006), Enhanced 
Cued Recall Test (Saka et al. 2006), Rey Complex Figure Test 

(Varan et al. 2007), Auditory Verbal Learning Test (Karakaş 
et al. 2013), Visual Aural Digit Span (Karakaş et al. 2013), 
Auditory Consonant Trigram (Anil et al. 2003)

Executive Functions: Trail Making (Cangoz et al. 2009), 
Stroop (Karakaş et al. 2013), Color Trails (Kudiaki ve 
Aslan 2008), Wisconsin Card Sorting Test (Karakaş et al. 
2013), Visual Verbal Test (Kudiaki and Aslan 2008), Raven 
Progressive Matrices (Karakaş et al. 2013) 

Language: Boston Naming Test – Short Version (Kurt et al. 
2016), Lexical Fluency, Semantic Fluency (Erden Aki et al. 
2020)

Visual-Spatial Functions: Cancellation Test (Karakaş et al. 
2013)(Karakaş et al 2013), Clock Drawing Test (Can et al. 
2010, Cangöz et al. 2006) 

Other: Benton Face Recognition Test (Keskinkilic 2008), 
Month-Span 

Other than these tests, the forms from Bilnot, which 
collect social/clinical and demographic information of the 
participants, were also included in the software with the 
permission of the authors (Karakaş et al. 2013). 

Testing the efficacy of the Software

In order to check the efficacy of the program in the clinical 
settings, we decided a clinical psychologist from the author 
team (BV) compare her conventional manual calculation 
method with our software. At the same time, in order to see 
whether the efficacy of the software would differ between 
different experience levels, we decided to include a research 
technician with little experience (AHS) to apply the same 
process. In addition, since the software was also planned 
to automatically produce a draft individual-based report, 

Figure 2. Interpretation of z scores
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we also decided to determine the time required for the 
generation of this report. For these purposes, we aimed to 
compare the time required for both calculation and report 
preparation from the data of a diagnostically mixed sample 
who were consequently admitted to our research clinic. 
We’ve compared the manual method and our software with 
dependent t test. The experience of the researchers were 
considered as a factor and the effect was adjusted using 
repeated measures ANOVA. 

RESULTS

Features of the Software

A software, ‘Psinorm (pronounced as cNorm)’, was generated 
for fast and accurate calculation of the neuropsychological 
test results, generation of individual patient based reports and 
proper archiving of the results. Psinorm is compatible with 
Microsoft Windows, Linux and MacOs and utilizes Python 
3.6. The opening page is featured in Figure 3. The software 
is made available at psinorm.org with necessary technical 
information. 

Figure 3. PsiNorm main screen

Figure 4. Entry screen _ patient characteristics

An installation package was provided for Microsoft Windows. 
Visual C++ 2010 libraries were presented in the package, 
however the users were allowed to use the source code to 
solely utilize Python and required libraries. To pack Python 
and the libraries, cx_Freeze Python library (Tuininga 2020), 
and additionally natsort (Morton 2014) configobj (Foord et 
al. 2014) and OpenPyXL (Gazoni ve Clark 2020) were used. 
For Linux and MacOs X users, instructions were provided at 
psinorm.org.

Data Entry 

Even though the software is used mainly via graphic-user 
interface, certain outcomes and lesser used functions are 

controlled via command screen. The user will first introduce 
the essential information about the user and the patient. 
(Figure 4). These include the name of the user, the ID of 
the patient as well as the name, age, gender and education. 
To avoid errors in this stage, entry of non-mathematical and 
inappropriate characters were prevented. 

After this phase, the user will be directed to the test selection 
page. (Figure 5). There are 26 tests placed default, the tests 
were put in order and were classified based on the cognive 
faculty it’s intended to measure. After the data entry, the 
software will provide two outcomes: An individual draft 
report and a database. 

The draft reports are individually formed for each case 
(Figure 6). The report includes the demographics, date, the 
test results, information about the norms and the references. 
The draft report is presented in the text format, allowing the 
users to change whatever they see necessary. 

The database output is formed in Ms Excel by default. Open 
PyXL as an additional Python library (Gazoni ve Clark 2020) 
was used for this purpose. The database file includes a checklist 
sheet and seperate worksheets for each neurocognitive test. A 
CSV(comma separated value) output was also made available 
for the users who do not use MsExcel (Figure 7).

Testing the Efficacy of the Programme

An experienced clinical psychologist and a novice research 
technician evaluated the test scores of 72 consecutive 
patients admitted to our research clinic both using Psinorm 
and the conventional approach. Two extreme values were 
eliminated. Even solely for calculation, Psinorm was 
significantly faster than the conventional approach both for 
the experienced and the novice user. (X(s)= 498.8 (20.9) and 
117.1 (5.0), in seconds, Manual and Psinorm repectively; 

-
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Figure 5. Test selection screen. For ease of use, each 
test is put under one cognitive domain. 

Figure 6. An example of a draft test report. The draft report is prepared in txt. format. The users can 
add, delete or add their interpretation to the report.

Figure 7. Data organization and archiving. The data 
is organized in csv, txt or MS Excel file. Here an 
Excel file is displayed, the first line and the tab line 
is zoomed in for a better view.. The figure shows the 
‘Main Data’ screen which is a checklist for the tests 
applied. The subjects are placed in each line and 
the tests per each column. The results for individual 
tests are displayed in the corresponding worksheet. 

F(1,70)=428, p<0.01) (Figure 8). The 
difference was more evident for the 
novice user (Method-User interaction 
F(1,70)=10.891, p=0.02). 

Since report preparation also requires 
time, we’ve analyzed whether using 
Psinorm would fasten the time 
required for report preparation. The 
group difference was even larger, draft 
preparation required approximately 
15 minutes in conventional way while 
overall it took less than 3 minutes with 
Psinorm. (X(s)=987.0 (296.7) and 
157.2 (44.3), in seconds, Manual and 
Psinorm respectively; t=17.8, df= 34, 
p<0.01) (Figure 9). 

-
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DISCUSSION

In this study, we’ve developed an easy-to-use software which 
covers many neuropsychological tests that were standardized 
in Turkey for adult neurocognitive disorders. The software is 
compatible with widely used operating systems. PsiNorm is 
open to use of physicians and neuropsychologists working in 
both research and clinical settings.

Similar softwares are available in the literature each with 
certain differences from PsiNorm. The norm calculator of 
Shirk et. al determines scores via Ms Excel using the norm 
database of ADCC UDS (Shirk et al. 2011). In addition to 
calculation, PsiNorm also creates individualized reports and 
an organized database. 

PsiNorm is an open-source software therefore the users may 
shape and update the contents based on their needs and 

preferences. This adaptability is not possible in all above-
mentioned softwares and calculators. Based on our primary 
aims for the use of software, we’ve developed PsiNorm to 
be a modifiable and free-to-use software for the end-user. 
PsiNorm uses a JSON based data system, allowing all data, 
tests and even menus to be modified. Therefore, even users 
from a different background may use PsiNorm as a platform 
for their tests. PsiNorm is licenced via GNU General Public 
Licence (GNU GPL v3) (Free Software Foundation 2007). 
The users may use the software by citing this article and 
contribute to PsiNorm.

Even though the software is open-source, the menu and 
the explanations are in Turkish since initially PsiNorm was 
generated for use in Turkey. Additional language support is 
planned to overcome this limitation for international use. 

Another advantage of PsiNorm is that the software 
automatically creates an organized database. Especially 
in the research settings, the data entry, archiving and the 
organization of data requires significant additional steps. All 
data entered in PsiNorm is archived in an organized way. The 
user can create new files for each research project and the data 
may be stored in different files based on their project. Hence 
when researchers utilize the standardized neuropsychological 
tests in Turkey for their research, they will not need to 
calculate the norms and enter the data to a separate file to 
organize; PsiNorm would automatically add the raw scores, 
the corresponding z scores and the percentiles into an MS 
Excel file. In that sense, especially with the high number of 
participants, we think that time, effort and accuracy-wise, the 
advantages of PsiNorm are obvious. 

PsiNorm unequivocally reflects the advantages and limitations 
of the tests it includes. Whatever the calculation results would 
be, the neuropsychologist should know about the limitations 
of the tests and be able to interpret the results. Therefore, in 
Psinorm, individual reports are in txt format as a draft report, 
where the users can modify the text as they wish. For example, 
if the user finds the results unreliable, they could add their 
reasoning to the report, they could delete the parts deemed 
inappropriate or add their interpretations where necessary. 
The draft is prepared as a template displaying only the results 
of the calculations. As the data entry is finished, the draft 
is automatically generated. Hence the user does not need to 
enter the demographics, the test results and the values after 
the calculation manually, they would change the parts as they 
wish and add their interpretation on the draft report. 

PsiNorm may calculate the z-scores and percentiles for every 
individual however the accuracy of the calculations are 
limited to the normative data of the population. If the norms 
are not available for the given demographic of the patient, 
PsiNorm calculates the values based on the most proximate 

Figure 8. Each cross represents the data for each individual on the time spent 
by the user to calculate the norms. The graph does not include the time spent 
for report preparation. s= seconds

Figurel 9. Each cross represents the data for each individual on the time spent 
by the user to create draft reports. s= seconds
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demographic group, i.e PsiNorm does not evaluate and report 
whether the patient’s demographics are within the range of 
the demographics from which the norms were derived. It is 
the user’s responsibility to check the info of the patient and 
whether the demographics match. 

One limitation of PsiNorm is its coverage, the software does 
not include all neurocognitive tests that are used in Turkey. 
The selection was primary based on the tests that we use in 
the project entitled ‘Standardization of a widely applicable 
screening test, detection of certain environmental risk 
factors and assessment of biological markers for dementia’. 
Additionally, tests of which the norm values are available 
in Turkey were included in the software. Since the scores 
obtained from the tests with cut-off values are relatively easy 
to interpret and requires no calculation, one can easily add 
the results of these tests manually to the report produced 
by PsiNorm. Hence we do not expect the lack of some tests 
with thresholds to be a problem. However, PsiNorm is open 
source and the user can add or delete any test or update the 
norm values. We plan to reevaluate the content within certain 
periods and present the most updated version at psinorm.org.

PsiNorm can be used via Linux and MacOs, but it was 
developed primarily for Windows. The main reason for 
that is the wide use of Microsoft Windows in the clinics at 
Turkey. The software is used offline, so even without internet 
connection it is accessible and the user can produce draft 
reports for individuals. Therefore if the computers in clinics 
have different operating systems, one can easily use their own 
PC and create reports and generate databases.

When compared with the other norm calculators in the 
literature, PsiNorm has certain advantages and limitations. 
In brief, the norm calculator of Shirk et al (2011) is updated 
as the data gathers from ADCC (Shirk et al. 2011). This 
calculator does not organize the data and does not produce 
individual-based reports. The software generated by 
Crawford and colleagues (2011) predicts the risk and is 
updated with each entry which increases the classification 
accuracy of the software (Crawford et al. 2011). In the case 
of Psinorm, the entries do not change the internal codes or 
calculation principles, hence the developers or the users need 
to update the software for necessary changes. However since 
PsiNorm is open source, anyone who uses Python language 
can modify and personalize the software based on their 
needs. Another software, which was developed by Bezdicek 
and colleagues (2017), produces composite scores for each 
cognitive domain. However its use is limited to Parkinson 
Disease (Bezdicek et al. 2017). While comparing different 
softwares, one should remember that the use of each software 
is limited to the tests it includes, one cannot take the place 
of the other and the use of PsiNorm as released is currently 
limited with the tests used in Turkey.

In conclusion, in the era where many clinical applications 
are standardized and being automatized, PsiNorm as an 
adaptable tool, will decrease the labor, the errors and data 
loss in the field of neurocognitive evaluation. We present 
the software free of charge and open source, believing 
that the science should be accessible and improves with 
collaboration.
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